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ABSTRACT 



PROBLEM TO BE SOLVED: To obtain a diffractive optics capable of decreasing 
the fluctuations in diffraction efficiency even in the case of the 
occurrence of a temp, change and maintaining high diffraction efficiency 
over the entire area of use wavelengths by constituting the materials and 
grating thicknesses of respective layers of a specific combination at the 
time of forming the diffraction optical element by laminating many layers 
on a substrate. 

SOLUTION: The diffraction gratings are formed to the shape obtd. by 
laminating the first layer 3-1 and second layer 3-2 varying in dispersion 
from each other on a substrate 2 and forming a first diffraction grating 
surface 3a and a second diffraction grating surface 3b. The first 
diffraction grating is formed by the first layer 3-1 and the diffraction 
grating surface 3a and the second diffraction grating by the second layer 
3-2 and the first and second diffraction grating surfaces 3a, 3b in contact 
therewith, respectively. The resolution layers 3-1, 3-2 comprise the 
combination of such materials and grating thicknesses that the value when 
the values multiplying the refractive index rates and the grating 
thicknesses of the respective diffraction gratings by the temp, change of 
the materials forming these layers are added with respect to all the layers 
is made smaller with respect to the use wavelengths. 
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1 

t>*hm*im. «jtte«eL. &mvmmm L *& 

Tj&H;t-£;bl2\ ,TO*:£<0fg#, 1^i&lltC*f LT/h£ 
< J: 3 >5:*TO fc ^mcoffi^^ J; OJSfftLTV^ 
S«rfc£^fclT6l«ltfr^3^. 10 

Sf^F®. »2SfcSSU0Jg#T»2<0|Hr#fl&™£Jg 
*dnl/dt, dn2/dt. 3$ 1 M^ff^ft^m t^fr*^ 

= ( dnl/dt ) d 1 - (dn2/dt) d2 
I ^ t • At I <m - A 0/4 

fcfcsJBfcaa. sattfcffiJBU #smHfft&T£# 

<*t£. 

0t = (dnol/dt ) d 1± (dno2/dt ) d 2 ± ± 

<dnoL/dt ) dL 

Ut-At|<(m-A0)/4 



imxms 1 mmm&&Mi)K ^mmxhhz\ t 

AH: 1. 2Xtt3«0#r3ifi^H t . 
[ftt&l 0] ME I *t - At I <0«#ffiJB8^<0 
m/ 8£n r r*-&itfr^afc'r4iS^!2Xtt3<0® 

im#m 1 2 3 msx&m^ isfl^ai-c&s £ t 

tram 1 3 3 mH&m&. mm%&&x*h&z\ t 

[000 13 
[00023 

[00033 ^comwrn^frn-izx q&wmzmt 

X. &fU£:$:mt&Jjm&SP I E Vol.1354 Internat 
ional Lens Design Conference ( 19 9 0) ^fWjtM^ 
*$SI 3 P4-2 134 2 1^fft. W6-32426 
2^m. -etTUSPm5044706^tCJ: i ?^ 

[0004 3 Ztite. ^^MtWtT' 

fc:$r6 1 1 ^ ^RO^ M LAc *»<0T* S . 
[000 5 3 $^>(C, i^J:a^lHl»f3(5^TO, ^ 
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c o o o 8 1 -eco^miiB^^^. 3rr*fc*>£«ttfta- [ o o 1 1 3 *mn** m&Jttz 2mxi**tiM±f&> 

-at*, mmmcn^tmvjmtztm^&tetb. ?u w^ttt^. mm^zxtm^mm^x-mm^m 

Tftt&t. &£{ki-&z.t&%<. mizim^®&&z'^®#t 

wie)ym<DM& n^tz^x wm? [ o o 1 8 3 

X'fo& . [fm£ft¥^-£*:tf>^#&3 ^jra^EWrj^e^P 

[00 1 03 mi 2{z^rxd^^2{ f zi^<7)mx*) 20 ii. 

&ffiiz&f&Ltim&n&fe<D®mmk! f zm-&&ffimm zmn, ^miizmmL. &mx'\*wr&T£&&v. m 

UTti. y?X^-y?ttmX'h&PMMA (nd=1.4917 <~f& X O (C LimtfffiHfcWl&^T . 

[00 113 ^<0lSI»f«m&^ ltt. 1 &<O0ifrifc8 ttttmk&?m0M*&toitX *)ffif&LX^&Z\k$: 

i£») T-tofct@««*^<«J:atl!WS3h.T 30 [00193 ( 2 ) #i^ft£&*m3&>£>$:£fU JBfc 

[ooi2js«»fc. mY<Km&8&>®w<m < 1 <k± a>mtmm . m2mt ?m<otmx^, 2 nmmpffi 

«E#raaMK*9 (OT r l£iH&Pu kWd > -efUJl »2®0«®<!«M^(c:J;&Jg|»f^3efl:^ 

n*M-Mrcim* ±fflmxi3mm&± £#*dni/dt, dn2/du ^Eijatrot^nfcSKonipf 

A=530nm (r^Ut^. ^^^tf^SrC^IU^f^ Jft^flH^*: d 1 . f$ 1 <0EWrtS^B9fcll2O|SWHfi 

mtmrtrnttkma Lfzt&^izitmz. m^d2tv. i^^i^zx zmm^ f Mimi,zm 1 . m 

^im<^^T<omm^<^m'itm^m^T( l z & o 40 2 oiHim^s^mT^ ^fttt^-^^v:^^ t . 

<f>t= ( dnl/dt ) d 1 - (dn2/dt) d2 

[00 1 33 i^0»fSft^OffiT^«^TS AWriu^l* k L, fflSgEiKS* A t . i£irf-<$c^c£nu -^ffl^^ A 

if 9 - 1 2 7 3 2 Ofct^t^ 

H^^W^^t^W^^C^.r J£«[ I 0 t • A t I <m - A 0/4 

^^mTm^mmmm^'thm^k^^x^. zmtzi^twmt 

[00 1 43 ^flcfl*Jfc:«M±tl1Sft^*«JS OS) [00203 (3)^<ti,2 gyKW^Mik^^fl:* « 

zmmL. ^( t zm%&ft¥mwmRmv'j?Kc< ki> mfrt>*&m*mt* i^htcMi, ftrnx-mmw? 

[00 1 53 50 t&L.m<7)nm<?)i8J%3£Mz£ ^^nrr^-ft^dnoL/dt k 



[0007]^;^ uyx&kLxmtfrft&mTzm 



ft^imizft&m^Lx^&m&x'^ 
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t^, 

<£t = (dnol/dt ) d 1± (dno2/dt ) d 2 ± ± 

(dnoL/dt ) dL 

I <£t ■ At | < (m ■ AO ) /A 

[0 0 2 1] X. < 1 ) , Xti ( 2 ) , XI* ( 3 ) 

(3-D Buiaffli±(c^t^^«i5i$fis^om®^ 
m*&i*trm&t*titew&ttu &&<ti>i ma. 

[00223 m:. 

(3-1-1) OT»«0*«D5^ (*55*3fc 

l^MWTfs^/P^mmm^^rti. m 
too233 (3-1-2) mm$L<omco o 

[0024] (3-2) mStf&wmno *>4"5:< 

[oo25]m iqis^ffl^^. nwmx'$>& 
z\t 9 

[00263 (3-4) tm£&<?)±izmmzti*2im<r>m 
t. 

[0 0 27] (3-5) fiffi I <t> t - A t I Ofi£5fl£ffl&£ 

[00283 *»^lll»r3fc^*^ Srfl9t^*^«. 
«l£ ( 1 > , Xli < 2 ) XI* ( 3 > co®m£&m?£— 

mm^x^&z t zimt lti^. 

[ 0 0 2 9 ] ®»f^^fr«H»3lSWHttWI5 
[00 303 

[«W^W<om®3 HI (i^^gHjf^^^H 
M0e®l«jEiBia'Cib«. 1^13^*51^0*?*^^ 1 

[ 0 0 3 1 3 H2 IAH 1 <0EI3r*3W? 1 £IM*A - 



CIl i ^ CM<7)V43r & ttM J: 1 «3 - 1 tM2 

^rmioewftmssaS'jejsfiL. ^2^3-2^^ 

^i:WWC»2«0|fiI*ffft : ? : lS3bfr^Lrv^. * 
lt. * 1 mtm 1 coieirrtS^M^ J: 9 * #1 <o0irf« 
f3-H\ »2«fc^fLt:fl^&»l<o|g*ftS™i: 
^2O|iI»^iSfcJ:0m2<0®#f«H t 3-23&<, Jgft 

10 [00323 ^^eOT-ram <owvm?3- 1 tm 

1 <O0#rteT3 ~ 1 ±£fiF*>1Vfiim2e>mtffiT3 ~ 2 

[00333 $ «WJM(^ii*t&#0l«& : f 1 3 
-1, 3-2^tfl±«ffl?d 1 , d2*«imra 

*mtfc*w»^t5* i 3 - 1 1 , i 

[00343 4&m&mco\B\ffl£¥mT-&'j?%< ti>2 

[00353 iJfc^O^StM^&*r*JBI±. 1 J3J 

fc . 4*ii8^jf #^*< t> 1 wjLk&hte=Fmkk 
[00363 zLxm&comcDo-h. *<nft¥mm 

[0 037 3 X, *W£^6ttEM£ (^ 

«fc»JI)**. 1^(^*C^I?^W^^)^ 
(A. iWW[rr&®<Dttff^^^\ 4ilS«!H-4«<0 

[00383 ^J^^T-^tf^^0Jf^^< 
m2^0ffrt&^3-l, 3-2%Bifcthm 

<ottmnm*'&£>ik( f z^\ t -ixm&~tz>Mi f z. 2mm&> 
40 bit<Dt%ikiz£&®mwmz^xi,zmty'tz>. mi 2 

1T\ rai«SA0T@#fS»Wfi^tsSr6^Wi, * 

< 

d0= (nO-1 ) d=mA0 ( 1 ) 

<i<rT'noa^Ao-r^^JSjrr^, dti 

[00393 2©ffi3t^®*fMe¥3RT-Ttt. iHltff^T^ 

50 rm^tojSd 2^co\mmw. m*^x 1 o^srr*^ 
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7 8 

mttffifc LX i ^ <DX\ ( l ) a ; |nJ8to&ft-^(i 

(nO 1 -1 ) d 1 - (n02-l ) d2=mA0 (2) 

fc . -c#»ois« d i , a 2 tetmmcomt * 11021^2 a o xnmvrmx 

SroTV*&. ifcnO 1(+^ 1 JgcOWJCO^A OW* ^£ £|H]#f#f^??(2: 

??=sinc 2 C { (n01-l ) dl-{n02~l ) d2}/ mAO-l ) 



=sinc 2 (00 /mA 0 ) 
ZZV4>0&ffi&m&C*>*)* *0=(n01-l)d 
1- (n02-l ) d2-mA0T'M. X. sine 

(x) =sin(?z:x)/ ttx %&mfrem.zti&. 

[00403 i^TMI^-C ( 2 ) 5$*yWfc3 
*liUf. 0#fS»i7U: (3) ^iStvCftffl^HtfO^ 
Oi:3:9. 77=sincz COD =1 k*)±X<nffimSrC 

[0041] mz^msmm^mmc^m^i^m^m 
mz^^xmico&mzmzm^&mz^z&w^- 

+ 1& <m=l ) fc*«. fflE23fctf#10)0lfrte^3 



(3) 



10 



- 1 £jBfcr*n i »3 - 1 tiM^r^ y (nd=i.4 

970 . «/d=56.0) $r&*ffi£<£fflL, »2tf50W«^3K 

(1. 4991 1-1) dl-(l. 48480-1) d2 = 0. 



^-2£^j£-T£^2®3-2teCarsil]e Laboratories 

Inc. 1^60 Immersion Liquid I. LI 
160 (nd=1.4820 . *>d=42.3) 4:StW&«fflLfc. 
[0042] «->TISlJiW««<!0ffi*»n Hi. e& 
(&£0. 54 6 J Ltm) . g& (&£0. 4 3 6/x 

m) . CH (i£J|0. 6 56jLtm) (Cfetvt. 

1. 49911. 1. 50810. 1. 49 4 3 2-C* 

S. 

[0043] -^rm 2 Ji(Wfi<0@^ n 2 

1. 48480. 1. 49692. 1. 4788U^ 

&tcoj£& met 



(1. 50810-1) d 1 - < 1 . 49692-1) d2 = 0. 



(1. 49432-1) d 1 - ( 1 . 47881-1) d2 = 0. 



[0044] ^idTeSltg^fcO (4) . (5)^ 
*^^fJSd 1 , d2»|>t d 1 =35.4j«m. d2 
=35.4jEzmfc=S:&, ,I<7W^£ ( 6 ) ^yMmzKX^ 30 
0.549 <r*l(i. 7^7^^11^.549 // 

xymm&m<&*)* ^mm^&±\,z^z>m\ 

sine* (0.549/1 *0.656 -1 ) = 9 8 XH&ttBTF? 

zwidizLx. mm.&m^*m&ttLxm 

[004 5] 131 4K±fef& : ffl d 1 , d2Wli 
^cOHT'g^. effrftjft^Tli, |a]ffi£N5#<tt 

*fc£S^£SiJg.LTiv&<o-C\ 0»fSWi l 0 0 % 

7? t =sinc 2 C { (n01t-l) dl-(n02t-l ) d 2 > / mA 0-lD 

=sinc 2 C { (n01-l ) dl- (n02~l ) d2} / mA0~l+ { ( 
dnOl/dt) *dl- (dnO 2/d t) * d2) > At/ mAO) 

=sinc2 ( ^0/ mA 0 + 0 t A t/ mA 0 ) (7) 

-CmZtLZ. & ) d 1 - ( nO 2-1 } d 2 } -mA 0«|J» 

[0049] ( 7 ) xWftflltf^M 0 = { ( n 0 1 -1 A 50 ffl®ti&V9t&&&et> 9 . iSJS^tCfle^ L£V*. 



54607 
•-■-(4) 

435835 

(5) 

65627 
<6) 

#ff&W0tJfaW"C«i, HI 3^L^rJ;d(3^:6 8 
(00461 ifcHl 5tS»<?CKfi»<0j)C. 2#) 

*Mimoaif<»3fi»(o^ 2&) <oBffrawc& 

t jfflZfmZtLX ^&Z\t &i>if>h . 

[00473 mzm&ftfox ymi. m2mco&&m 

w*) ^dn/dttu iaraMfcttfeAtt-r 

z\<nt*im&mz±^%ttm<nmffim$. noi 

t=n01+(dn01/dt) *At, n02t-n 
02+ (dn02/dt) * A t * 
[0048] ft^X&1f®Zfc®0>mff%&'? U± < 3 ) 



(6) 
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i o o 5 o 3 ^t;«: t x o . mtrrmm^^^it 

{ (dn01/dt) *dl- (dnO 2/dt) * d 
[0051] <5C^nuieW^Tiaj^'ft:^5 d e g£ tfc 

^coH#fs&^»kafr5rr. Miami. m2m<oti 
mco&m&fcirzxhmirrm&imted n o i/d t=i.2 

X10" 4 , dn0 2/dt=-3.85XlO-*ri5S, 
[ 0 0 5 2 3 £ TlSJ^fctcJ; 

«L e JfcfcoivcU: ( 4 ) , ( 5 ) sWribtf"* J: 5 £ 

[00 5 3] ^f<£t(* 

t = (1.2 X 1 0-**35.4-<-3.85X 1 0«) *35. 
4) =0.0179 

77t=sinc 2 ( 0.0179 * 5/1 *0. 435835) =0.869 
77t=sinc2 (0.0179* 5/1 *0.54607, ) =0.915 

[00 54] 014, 01 5<oAtro{ca^fl^^>@ 

t«l^J;3fc-r^t. ^^n^iajg^i&iil.7degi;5: 

%*)mtchh. 30 
[00553 ix^^t^i^^^^-fttcj: &mmm$£ 

[00 563 tlTI»TOfirmfcrr&fe**c:a2t^-2 

( 7 ) sW^Srt.* . fc^tWM»*g£tt. 0 0^ 
0 fc jlttl/C J: < . ®^f^^i&^^$iir^^(i 40 

(7)^tAt w-wtfrz&m&t & z t ifi&Ere 

[00 573 «£HJKi, ^ t fc 

[00581 i-rnflrcfc -s 0 1 o<a^^uT^mi-f- 
& . i Mt lt @^s*E«aa^ffiffl^jft^«rr 2 %ti 

Odcgh-T^t. mA0ti2.6xl.0-Wtt 50 



= ntu ffiffl«j^«?&'5rffl3te«o.4 -0.7 umt-r 

ht. ttcomt LTii*Si&^>0.4 jumT'1.04X 1 o 
" 3 , £«W0X>.7 xtmT'1.82x 1 O^JSlTt =flrSW»fc 

[0059] mznikft%tfM<7)m?t.&Jbit(,Z^Ti£ 

^7XT'^^^ 2TOO«fffcUC*:h/e*l#¥ 
^7XS-|LUSIIi^t:t± v dnOl/dt, dn02/ 
d t 1 O-e^-r-^O/h^^-rbfi-CfeS^ 

[00 60 3 UpU 2»Wtt^f^Xt 

[006 1 3 ^X^ y^^Wf4^cDdn/dt{±— 
«Wfcl.2 xio-*^^{>-9, ^iltCifc^T^ 

frftbit£mt f Zk&. ZCOm^lZli<f> t ^ (-dn0 2 
/dt) * d 2*nraSE<O0fa<Oft£lTfc:=Snh.«f J: < . ^° 

d Sr8. 5 u mOT fc -**U* % 0»r3iWoffl|g3eft*:i: £ 

[0062] o^2lt tfc:T7Xf 7 

[00633 Mi.tr 2Mr<D*r»9d n/ d t*^^ 
*Cf^MO^-C5.o^i?d 1 1 d 2tf5KIS3WU^a 
-^ti. ^{z£&®ffi®m<?>1&Tl&Z&zO( l z-t&Zt 
3&<r*«i. fe7-/?d 1 t d 2^^^*<8.5 /x 

mmmfc®m&®zm^m&tmmiz\&mwm 

[0064303. H4 & @3f 

ta* + 1 »ciHi^3K^iig»f3»** . m4i3mt<m&m 
[00653 *mM&mco®ifrztt¥m-?izu. mimt 

Umf7^fW4PMMA (nd=1.4917 . vd= 



(7) 



*¥Hi¥ 11-44810 



1 1 

57.4) ^2it(ir-7^f7;3Kf^PS (nd= 
1.5918 . i^d=31.1) £**L«UflVK m2lz^-t£? 
lzmmL>Xffi&LX^&. 

[0066] cot z&m&far-mz^ i mn&.9u 
m. m2m&u.7juimcr>m&xh& . ^m&xizmi 

f^mzxhmm^.^mtmmL<. dn/ dt= 
1.2X1 o-4m&mt%:&. 

[0067J13, m4cr>mMi<S), ®lii»Hl4, 

mizm-rz tih&ocoi&m&ttML a t « a t = 3 odeg r 

£>it<D%r£. mi 4X'^^^fi(i*>^5deg <D;S 

c 0 0 6 8 3 ±Mtmmm± v ^ti t> mvtm^^m 

£ 2 %WT fcJTO«*^8*^;M:tMi vara* 
§ 0 1 A t coffin 0 3 63ffltcoi, vc o 

C00693 xmtmmvii. mmmzt Lxcot o<o 

t 0 CDWP'hZ < 3r & 3:1 *0 1 2 £5f Lfc: 

1 ^OlSltff^^co0O^ii^p^T^^. «Ttf)*§ 
£\ 3&^4 0 0 n mt 7 0 0 nm^#MS PM 
MA^^ti-ea-rm. 50798 tl. 48787 \Zl£h + % 
o*C<£0C9$£ti 

^A=0.4= (1.50798 -1 ) 1.07-1*0.4 =0.359 m A 
0 

^A=0.7= (1.48787 -1 ) 1-07-1*0-7 =-0.254mA 
0 

i o o 7 o i _hie i mtommt&mw* o<ois£##* 



1 2 



m a o/4 fcro£"C$*ur . ajffiSNk^fcfc*^ 

fc. l/iO^T'^^ii)t®^^^^^SJ: 0 
Hl^f^W^mfc-r & i fc li«r < . *$£w«9»m£fH-* 

[0 07 1] $£>C. 0t AtOffe*Hg£l/8mA0m 

[00723 mmm ut J: a fc^jrariiSMafirflst: 

10 J:$ftf«^$dn/ dtfcl&fldO^ 
^(dn/dt) *d<^«ffi£/h3<$r*J:3£« 

[00733 <fc 3 *fiK£J8lfXftf*. &Jg^b^3 
0 d e g < 6l*264*&Tt> . l3#rS!^£S&fr^tC 

[00743 ^CC«njI^[«irr^^T-^^M^^ 2 13 
3-1, 3-2. 3-3j&»^sflt*@*HIS^ : P , e<>J: 

[00753 mitmrntrrt tztbm e iz^-i 3 
mrf&^tpizimztix l;i j: *)f&z>®mmi L imwz 
tix^&m&tt&. ^affirms*. 3b, 3c# 
aaKtssfu ^ciowigOT&^fcLT^-r** 

[00763 SLi@«MfOKA 0T^®tfr^£ n 
OLfc-f*. *l<7)J;3t3^^i: ( 2 > ^t«i&r4 
5£t± 



(n01-l) dl±(n02-l) d2± 



*C^3*i&. ££T*0= (n01-l) dl± (n 
02-1) d2±--±(nOL-l) dL-mAO t 

?7=sinc 2 (00/mAO) (9) 

[0 0 7 73 --T'lMliff^^WO^lel^^^^ 



± (nOL-1 ) d L = mA 0 
(8) 

3K1 . m3®) frJEb**). »z£j&*&£t^PJ»*Bfln 

40 [00783 &£ftjg£fl:'Ce> L JBtf>0>*m*>@$r«£ 
i^dnOL/dtfcU ift«3Efcfi£Atfc-$-$fc 

4- (dnOL/dt) *AtCMn. {^oT^JiT^: 



t? t=sinc 2 C { (n01t-l ) dl±(n02t-l) d2± 

i-(nOLt-l) dL-mAO} /m A 0 J 

=sinc2 C < (n01-l) dl±(n02-l) d2±- -* 

± (nOL-1) dL-mAO } /mA OH- { (dnOl/dt) *dl 

± ( d n 0 2/d t ) * d 2±- ■•• 



<8) 
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1 3 

± (dnO L/d t ) * } A 
=sinc 2 { (<£0/mA 0 ) 
t&&. :^t'0t= { (dnOl/dt) *dl± 
(dn02/dt) *d2±----± (dnOL/dt) 
*dL> 

[0079] ±5%T±<v&z§rcoMm$. nm^mrm<o 
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